
  

Getting started with NIST DTSA-II

● Installing Java & DTSA-II
● Viewing and manipulating spectra

● Viewing reports

● Performing standards-based quantification
● Performing spectrum simulation
● Creating and calibrating a detector

Updated May 26, 2009 by
Nicholas W. M. Ritchie



  

Installing DTSA-II

● Install Java 1.6 or later (sorry, 1.5 doesn't work!)
● Download from http://java.com

● Download DTSA-II from http://nist.gov/dtsa
● DTSA-II works on Windows XP and later, Apple OS-

X 10.5 and later, some recent Linux and Unix 
distributions

● Installers are available for Windows & OS X

http://java.com/
http://nist.gov/dtsa
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HTML
report

Report
tab

You can review old reports in a web browser...
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A list of available
spectra.

Select one or more
to display in the
spectrum display

The spectrum properties
represent those properties in

common to all selected spectra.

Select no
spectra

Select all
spectra

Clear selected
spectra from

memory



  

Counts axis
(linear or log)

Energy axis
(eV)

Spectra
names

and colors

Spectrum
tool bar

KLM
marker

Right click in the spectum window to display a popup menu.



  
Right click over the spectrum to display a popup menu.

Copy spectrum display to clipboard

Save spectrum display as a 
PNG bitmap or as a gnuplot script

Print spectra as displayed

Select linear, log or square root
counts axis scaling.

Specify how to scale spectra 
relative to each other.

Specify how KLM
lines are labeled.Specify a ROI by

typing lower and upper
energy limits.



  

Vertical zoom in by 5

Vertical zoom in by 2

Restore defaults

Zoom to ROI

Vertical zoom out by 2

Vertical zoom out by 50 to 5 keV

0 to 10 keV

0 to 15 keV 0 to 20 keV



  

Specify the default
instrument to associate

with spectra.

Specify the default
detector to associate

with spectra

When spectra are read from disk, they are assumed to have
been measured on the default detector.



  

Click-and-drag to select a 
region-of-interest (ROI)

ROI properties

Right click in the ROI properties window to copy the
text to the clipboard.

Sum counts
in the ROI



  

Eliminate all
defined ROIs.

Perform a background
corrected peak integration

on all defined ROIs

Zoom the energy axis
to display the energies
covered by the ROIs

Zoom to 
full spectrum

Copy the spectrum
data in the ROIs
to the clipboard

as text.

Right click over a ROI to display a popup menu.



  

Open a spectrum
from a disk file

Reopen a report
from disk

Save the selected spectra
to EMSA or text format

Edit application
preferences including

detectors

The File menu



  
Spectrum

preview window

File open dialog

Supports EMSA 1.0, old DTSA, IXRF, Emispec, ASPEX TIFF, Radiant and EDAX spectra files*

* Not all files of all types are supported



  

Fit the Bremsstrahlung
background

Smooth the
spectrum data
(don't do this...)

Identify ranges of 
channels with peaks



  

Edit the properties of the
selected spectra

Specify the composition of
the material from which the

selected spectra were collected.

Quantify the selected
spectra

Simulate a spectrumCalibrate a
detector

Add a text note 
to the end of the

current report



  

Specify the instrument, detector and
the detector calibration for the selected

spectra

The beam energy at
which the spectra were

collected.

Specify at least one probe current – before
or after.  Measure the probe current
with an in-lens current meter or a 

faraday cup and picoammeter.

Specify the acquisition live time 
(not clock or real time)

Optionally specify the working distance
(read from the SEM focal length)

The spectrum properties dialog



  

Specify a name
for the material

Specify a density
in grams per

cubic centimeter

Elements and amounts 
will display here.

Enter element names 
or abbreviations here

Enter amounts of
elements here

Specify whether quantities
are in weight fraction or

atomic fraction

Search the database
or parse a chemical

formula

The material editor dialog

Add an element and
quantity

Delete the elements
selected in the list

Clear the element list



  

Mode 2: Search the material database

• Enter a name and press the search button
• User entered compositions are automatically 
added to the material database.

Mode 3: Manual entry

Add each element as weight fractions 
or atomic proportions using the 
Element and Quantity edit boxes and 
the Add button.

Mode 1: Parse a chemical formula The search button.

Enter a simple or complex chemical 
formula and press the search button.

Input modes for the material editor dialog



  

Measuring Composition

● What you need...
✔ A spectrum collected from the unknown material
✔ A list of elements in the unknown
✔ A standard spectrum for each element in the 

unknown (one standard can represent multiple 
elements)

● What you might need...
✔ A reference spectrum for certain elements in the 

unknown



  

Measuring Composition

● What you need to know...
● For the unknown spectrum and each standard

✔ The probe current (in pA or nA)
✔ The acquisition live time (in seconds)
✔ The beam energy (in eV or keV)

● For the standards
✔ The composition of the standard material



  

What is a standard?

● A standard spectrum is a spectrum collected from 
a material of known composition
● Must be collected under the same measurement 

conditions as the unknown
✔ Beam energy
✔ Working distance
✔ Detector parameters

● Should be a high quality spectrum (many counts)
● The ideal standard is of similar composition to the 

unknown

✔ Likely to provide the most accurate results



  

What is a reference?

● A reference spectrum is a spectrum that provides the 
unobstructed shape information about a set of 
characteristic x-ray lines for an element
✔ A reference should be collected under similar conditions as 

the unknown but references are less susceptible to moderate 
changes in conditions

✔ Should be a high quality spectrum (many counts)

● References are required when the characteristic lines 
from one element represented in a standard spectrum 
are obstructed by lines from an other element.
✔ Otherwise the standard can act as a reference



  

       Step 1: Highlight the spectrum
or specta you want to quantify

Step 2: From the Tools menu,
select the “Quantification Alien”



  

Step 3:  Select “Determine the
composition of an 'unknown' 
spectrum by MLLSQ fitting

to standards”

Click 'Next' to proceed to 
the next step.



  

The instrument, detector and
calibration are read from the spectrum

you selected in step 0.

The beam energy is
read from the spectrum
you selected in step 0.

You may change these values but it is unlikely 
that it is a good idea.



  

Spectrum from a disk file

    Spectrum from a database
(Advanced)

Remove selected
standards

Clear all standards

Edit the spectrum properties of
the selected standard spectra.

We'll select standards from files on disk.



  

Select one or more of
the standard spectra.



  
For each spectrum, you will be asked to specify which elements are associated 
with which spectrum.  A spectrum may act as a standard for multiple elements.

The file name of the
spectrum file.

The element or elements
with which to associate

this spectrum.



  

The name of the
spectrum

The element or elements
with which this

spectrum is associated.

The probe current and
live time for this

standard spectrum.

The composition of the
material from which

this standard spectrum 
was collected.  This is

guessed from the contents 
of the “Elements” column.

The composition of “BaF2” was
guessed incorrectly.  We'll

need to fix this!

You may also be asked to specify the probe current or the live 
time if this information is not specified in the spectrum file.



  

The composition items are drop-down
lists.  Select the correct composition
from the list or select “New material”

if the correct composition is not listed.

The “New material” option brings up the “material editor dialog.”

You can update the probe current
or live time using the properties

button.



  
Extra elements are elements which you don't want to measure directly but rather
infer from the other elements we did measure.

No extra element means
that we've provided standards
for all elements in the material.

Element by difference means
assume all missing mass is
from the specified element.

Assume that oxygen is associated
with the measured elements according

to the specified cation/anion ratios.



  

We don't need to specify references because
in this case the standards can act as references.

A region of interest for which
you must specify a reference will

be marked as missing in the
S/N (signal-to-noise) column.

You may specify the 
reference from a file or 

from the database 
(advanced.)

You may specify an element
to fit but which will not be

included in the final composition.

Standards can act as references when the relevant regions of interest
in the standard are not close to x-ray lines from other elements.



  

This is the spectrum
you selected in step 0.

You may specify addition
spectrum to quantify here.

You can update the live time or probe
current using the properties button.

If the current correction algorithm
supports complex geometries, you

can specify the sample shape using
this button.  (Citzaf supports particles)

The File – Preferences dialog allows you to specify the quantification
algorithm.  (XPP is recommended for bulk samples, Citzaf for particles.)



  

Results are tabulated as they are computed and can
be displayed in various different forms.

Select Finish to view
the tabulated results.



  

Select the
report tab

Conditions and configuration

Standards spectra and parameters

Results

You can always print the report or copy portions into a spreadsheet 
by opening it in a web browser (right click for a menu.)



  

You can copy-and-paste to a spreadsheet or print a report from a standard web browser.



  

You can copy-and-paste to a spreadsheet or print a report from a standard web browser.

Results reported as:
  Weight Percent: Normally we report results like this
  Normalize weight percent: Used to report particle results
  Atomic percent: Relative to atom count rather than weight fraction

Also reported:
  Line: The x-ray line family used to calculate the composition
  Z·A·F terms: The quantitative correction factors
  k-ratios: The raw ratio between unknown and standard
  Sum: Also called the analytic total, this number should typically

be close to 100 for good measurements of bulk materials.  



  

The original
spectrum

The residual
spectrum

A simulated spectrum

The result spectra are 
displayed here

The residual spectrum is how you know you have not overlooked any elements.



  

A good residual spectrum

Peaks are
stripped

A bad residual spectrum

A large peak remains
when we omit Ti

from the fit.

Weak Ba L lines
(not fit)

(The Sum (analytic total) was only 89% for the bad measurement.)



  

Defining detector models

● Define a unique detector model for each
● eV/channel calibration;
● resolution (pulse process time)
● for each detector on each instrument

● Detector models define the
● Energy calibration (eV/channel & eV offset);
● Quantum efficiency as a function of energy;
● Detector position & geometry



  

Select the Preferences item from the
File menu (Windows & Linux) or the

Application menu (OS X)



  

List of available
instruments.  In this

case “Probe”, 
“JXA-8500F” and

“ASPEX”
List of defined detectors.

For the “JXA-8500F”, the detectors
“Bruker 5 eV/ch” and “Bruker 10 eV/ch”

have been defined.

Use the Add button on this page
to create a new instrument.



  

Select the instrument
to which you want to

add a detector.

Adds a detector with typical
properties for a Si(Li)

detector.

Adds a detector with typical
properties for a silicon
drift detector (SDD).



  

Some properties of the
detector can be imported

from the tags in a spectrum
file.  This only works if the

information is in the file
and the information is correct.



  

Detector Geometry

The sample-to-detector distance is measured from the sample position at the optimal working distance to
the front face of the detector crystal.  The optimal working distance is the distance through which a ray
parallel to the detector axis intersects the electron beam axis.  This is often the distance producing the
highest x-ray flux.

X-axis

Z-axis

Y-axis

Detector snout
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Facing the instrument



  

✔  Your EDS vendor can typically provide the window material.  
Beryllium windows typically can see K lines below about sodium.  The 
Moxtek AP3.3 is a common modern polymer window.

✔  The elevation & azimuthal angle, optimal working distance and 
sample-to-detector distances are detailed on the previous slide.

✔  Your EDS vendor can typically provide nominal values for the crystal 
parameters.  These nominal values are rarely precise.

✔  The number of channels is typically either 2048 for 10 eV/channel or 
4096 for 5 eV/channel.   Either of these choices provides a little over a 
20 keV measurement range.  Occasionally, detectors are configured for 
4096 at 10 eV/channel for a range of energies exceeding 40 keV.

✔  Some detectors use a zero strobe to stabilize the detector offset.  
Some automatically remove this peak while others leave the peak 
visible.  If it is visible, use this setting to trim it out of the spectrum when 
processing the spectrum.

✔  The energy scale and zero offset are very important parameters.  
Make certain they are approximately correct.  You can refine these 
values using the “Calibration Alien” but if they are too far off the 
calibration alien will not work correctly.

✔  Specify the nominal resolution (full-width half-maximum) for a 
Manganese Kα x-ray.  This is typically between about 123 eV for a 
modern high resolution detector and 150 eV for an older detector.  The 
“Calibration Alien” allows you to refine these values using a measured 
spectrum.

✔  You won't be permitted to the base performance after you have 
created the detector.



  

Now the new detector type is available.

Important Information

When spectra are loaded from disk, the program applies the properties
from the default detector to the spectrum.  This will overwrite the 
instrument and detector related parameters contained within the 

spectrum file but does not overwrite the live time, probe current and
other spectrum specify data.   If you don't want this behavior, select

“--None--” for the instrument and detector.  Use the “--None--” option with 
care as the instrument and detector data in spectrum files is often wrong.



  

The Calibration Alien is used to specify the
current calibration.  Each detector can be associated
with multiple calibrations.  Calibrations are identified
by date.  When a spectrum is read from disk, it is 

associated with the last calibration performed before
the spectrum was measured.



  

First, specify which detector
to calibrate.



  

Select “calibrate using an elemental reference”
to extract the calibration precisely from a 

measured spectrum.



  

Specify a spectrum file collected from a material
with both low energy (< 2 keV) lines and higher

energy lines (>5 keV) lines.

Specify the material from
which the spectrum was

collected.

All spectra collected after 12:01 AM on the
effective date but before 12:01 AM of the
effective date of the next calibration will

be associated with this calibration.



  

The program will take a few seconds
to fit the spectrum.



  

A summary of the fit parameters
is shown.  Check that the measured

parameters make sense and the
click the “Finish” button to add the

calibration to the database.
Clicking “Cancel” won't add the

calibration to the database.



  

The measured spectrum and the fit will be
added to the Spectrum List.  You can view them

to visualize the goodness-of-fit.  Only the
regions around the peaks are fit.



  

The Report also contains summary
information from the calibration fit.



  

Select the “Simulation Alien”
to compute simulated x-ray

spectra from bulk, thin-film or
particulate geometries.



  

Analytical simulations are based on
a φ(ρz) model x-ray production.  They

are quick to calculate but limited
in geometry.

Monte Carlo models simulate the trajectory
of electrons in a material.  They are slower to
calculate but based on fundamental physics

and can simulate complex geometries.



  

Specify a material for the substrate
and for the particle using the edit

button and the material editor.  The
none button eliminates the substrate.

Specify the scale of 
the particle in microns.

The electron beam is usually
placed at a single point at the
center of the particle.  Select
this check box to raster the

beam over the area of the particle.



  

Simulation attempts to replicate
the spectrum you would collect
on your instrument with your
detector.  Specify these here.

If the detector is configured
correctly, the simulated spectrum

will approximately match a
measured spectrum collected

with the same probe dose.
Probe dose is 

   (probe current) · (live time)

Setting the incidence angle to a
positive value tilts the sample

towards the detector.



  

To get a realistic spectrum you will
want to apply simulated count statistics.

The instance count determines how
many spectra differing only in 
count statistics (Poisson noise)

will be created.

Creating images does not take
that much longer but does provide
an intuitive picture of the electron

trajectories and absorption.



  

The simulation will take tens of
seconds to minutes to run depending

on the speed of your computer.



  

The simulated spectrum will be added to
the spectrum list and displayed in the

spectrum display.  You can manipulate it just 
like you would a measured spectrum.



  

The simulation configuration is
summarized in a table for

your records.

Images show where the emitted
x-rays come from.  In this case,
the beam was rastered over the

surface of the particle.  
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